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XXXIIL Account of an Obfervation of the Right Afcenfion and 
Declination of Mercury out of the Meridian* near bis great e/i 
Elongation, Sept. 1786, made by Mr, John Smeaton, K R. 8. 
with an Equatorial Micrometer, of his own Invention and 
Workman/hip ; accompanied zvith an Invejligation of a Method 
of allowing for Refra&ton injuch Kind of Obfervations ; com- 
municated to the Rev. Nevil Ma&elyne, D. D. F. R. & and 
Ajlronomer Royal* and by him to the Royal Society. 



Read June 7, 1787* 

Mde la Landb having announced to fame of my aftro- 
• nomical friends the utility of accurate obfervations of 
Mercury, at his two elongations the laft year, in Auguft and 
September; I tried to get obfervations of that planet in crof- 
fing the meridian, for fome days before and after the greateft 
elongation in Auguft; and though the ftate of the atmofphere 
about that time was not' very favourable to the purpofe, yet 
there was one day that I thought unexceptionable, but could 
not perceive the leaft appearance of Mercury 5 at which I was 
the rather furprifed, as I had formerly feen that planet in the 
like fituation, with the fame inftrument, with perfe& perfpi- 
cuity * : and as I did not hear of any one elfe having fucceeded 

in 

* The inftrument mentioned i$ a tranfit, made by myfelf in the year 1768 ; 
at which time achromatic obje&-glafi*es not haying been, fo far as I knew, applied 
£0 aftronomical inftrument! by others, but haying found the good efie&a thereof 

for 
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m this obfervation,! thought it might be very poffible for the fame 
difappointmeut again to happen , with refpect to the approaching 
elongation in September. I judged, therefore,- that it might 
be of fome utility to aftronomy, if, by any means, a good cl>^ 
fervation of Mercury could be got; and alfo, that it would be 
a -proper fubjefih whereon to ; make trial'* of -an iiiftrument for 
foch purpofes, the idea of which I had conceived, afed begun 
to conftruft, above forty years before ; but which, from va- 
rious avocations, I did not perfed to my fatisfa&ion till the' 
year 1770*^: fince which time it has lain by, in hopes that 
fomething might happen, by which a full and effeftual trial 
might be made thereof- 

This iiiftrumeiit was orginally intended as an improvement' 
of the common wire micrometer, for the purpofes of taking 
differences of right afcenfion and declination, in a more com* 
modious and effectual manner than could be done in the me- 
thod then pra&ifed of ufing tbat inftrument t ; aiid at the 

fame 

for other purpofes, I refolved to life a double achromatic 'ofejeft-glafs, made by 
Mr. Dollond ; which being of equal aperture wifti the fimple objeft-glafs, then 
in the tranfit of the Royal Obfervatory, this teiefeope I therefore efteemed to be. 
of nearly -equal validity, as to quantity of light, with that at Greenwich, but 
reduced to the more commodious length of three feet fix inches. 

* Some obfervations made therewith, after it was completed, I tranfmitted to 
sny friend Mr. Aueert ; the eonfiftency of which induced him to procure a 
Timilar inftrument to be made for cometary and fuch kind of obfervations as cannot 
be commodioufly made in the meridian. Of this inflrument the kev. Mr, 
Wollaston has made honourable mention in Phil. Tranf. Vol, Ll&XV. for 17%$* 

f The common wire micrometer, as ufed by Dr. Bradley, and defcnbed 
from a paper of the Do&or's hand-writing, is given by Dr. Maskelyne in the 
fhilofophical Tranfaftions, Vol. LXIT. for the year $772; and in addition to 
4q which I mult beg leave to. obferve, that the telefcqpes then in ufe for tb<? 
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fame time more effedualfy to anfwer the purpofe of Gn»AHAM*a- 
aftronomical fe$or, which was contrived by him., (as Dr. 
Smith informs us) to fupply the deficiencies of the micrometer 
then in ufe *. 

The moft neceffary and fmidatnentat improvements -feemed 
to be ; firit, that of rendering the micrometer telefcope ma- 
nageable upon an equatorial motion ; and, fecondly, the con- 
trivance of a fhnd of fitch folidity and ftedfaftn'efs that the, 
telefcope might preferve the pofition in which it was placed, for 
a length of time : for it occurred to me, that if the telefcope, 
could he maintained at x reft; or* in a degree of ftability Supe- 
rior to that of the aftronomical fedtor •;- then the neceffity of 
taking in a greater compafs in declination than could be com^ 
modioufly given to the field of a telefcope would be the lefs 
neceffary : for, inftead of confining the objedfcto a^compariftw. 
with a ftar not differing more than, a few minutes of time, or 
at moft a quarter of an hour in right afcenfion, thofe compa- 
rifons could be extended to an hour or two, or even on occafion 
to three or four hours; there being fcarcely any part of the 
heavens fo devoid of ftars, of a fuitable magnitude for thefe 
obfervations, but that a proper one may be found within 
that compafs in right afcenfion, provided there is allowed 

micrometer were from tea to fifteen feet long, made with woodm tubes, ftp** 
ported at each end upon two wooden, fupports, by, which' the telefcope could be 
managed in altitude and azimuth; but not to follow a celeftiat objeft in its proper 
motion on one centers which apparatus,, I believe, is ft ill remaining in the 
Royal Obfe rva'tory. 

* This inftrumcnt is-defcribed in Smithes Optics, Vol* II. p. 350, ; and the* 
original one,, made by Mr. Graham, was, at his death, placed in the Royal 
Obfemtory* and is mounted upon a three-legged Hand of wood* 

I tht 
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the difference of a degree, either north or fouth of the obje£t f 
in declination *• 

Coniidering*, however, that the approaching elongation 
would be in the morning; and that the befl: chance of 
feeing Mercury with this inftfument would be ibme time iti 
the twilight, between Mercury f s riling and the fifing of the 
Sun ; yet, on fuppoiition of catching the planet in his paffage 
over the wires, there would be no chance of feeing any flat* 
pafs over the 'field, wherewith to compare him, till the follow- 
ing evening, which being at leaft fourteen hours, the certain 
petition of the telefcope for fo great a length of time was 
almojl more than € co\ild reafonably hope for. To judge hovr 
far I might form an expe&ation, by way of & previous trial* 
| compared Saturn with y Capricorni f, and found the return 

* The field of the telefcope of Mr. Albert's inftniment is two degrees § 
but that of the original, wherewith this obfervation was made, is l° 17': to 
gain which, the eye-glafs being immoveable (and achromatic to prevent the. 
'fndiftin&nefs that would otherwife have taken place near the border) the magni* 
fying power was obliged to be confiderably reduced, in refpecl: of what has beeo 
?ufual for micrometers, that is, fo as not to exceed 20 times: in confequence* 
'there is, therefore* no need for fo long •<«, telefcope, this being but 34-f 
inches focal length of objeft-glafs; but being a double achromatic, made by 
Ine late Mr. John Dollo^jd, it is capabb of as great an aperture as could be 
;^iven to the fimple objea-glafFes of twelve or fifteen feet telefcopes» that were 
then generally given to micrometers ; but the pencil of light being gfeatefi in 
this, is attended with this advantage, that the fmall liars can be feen very di{tin& 
and in great abundance, like the modern night -gMes: and there>is in reality n» 
need of great magnifying powers for the prefent purpofe; for the place of the 
wire being viewed by an eye-glafe, of about x J inches focus, its place may be 
*diftinguifhed to left than a 2300th part of an inch* which, on the radius of 34I 
Inches, is fcarce a"§ of a degree; and which, as 1 apprehend, is nearer the 
truth than can reafonably be expected from inftruments out of the meridian. 

f According to this obfervation £ preceded y yj the 2d of Sept. at 9 ti.Tj' 
P.M. mean time by 30' 9".? MT» and with greater declination fouth than y by 
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of the jftar to the fame place two evenings afterwards, both ra 
right afcenfioa and declination, was fo, near,, that I concluded V 
might very well expert a goodobfervation of Mercury, in cafe- 
1 could get a fight of him, though the ftars wherewith he was 
to be compared lay at thp diftance of the following evening at 
the fooaeft.. 

The micrometer is furnifhed with five horary, wires, deno- 
minated in their order a, A, B, C, D (8 being the mid- 
dle horary wire), and the two declination wires are; deno- 
minated, A and B 9 each moveable by a feparate and independent 
micrometer- fere w, from the outfidei of the field to the center^ 
and a little beyond it ; fo that each wire can be moved into the 
place of the other when at or near the center *. • ' 

The morning of the 23^ of September, aboutia quarter paft 
five o'clock* the air being clear and perfedly ferene, it being 
then about an hour after Mereury's rifing, an^ near three- 
quarters of an hour before the riling of the fun, Lvery readily 
found Mercury, with the telefcope, and when, found could 
eafily fee him with an opera glafs,; .and. Mercury being then 
in a ftate of very little alteration of declination, I adjuftedone 
of the declination wires to his apparent run, by making him 
traverfe the whole field* The obfervations were then taken as 

*- In Dr. Bradley's Paper it is faid, that before the late alterations, both the 
declination wires were made moveable ; and that it was an improvement to make; 
one of them feed, and one only moveable. But however they might be imme- 
diately preceding the Doctor's time, I believe,, the original micrometers by Mr. 
Townley were with one fixed and one moveable declination wire, as I have 
feen one in this form among the remaining apparatus of Mr. Abraham Sharpe*. 
In an inurnment, however, fitted up for the purpofes of the equatorial micro- 
weter % I believe, it will be found moft convenient to have both thofe wires 
moveable ; as by this means they not only are enabled to flide into each other's place r 
but every part of the frame of the inflrument remains fixed during the whole of 
&? obfe nation, the two Aides carrying thefe two wires excepted 
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in the firft table; and in the evening I was lucky enough t 
get thofe of X Ceti and Tauri, intending to repeat the who! 
the next morning and evening. The next morning prove 
cloudy, and fo continued, that I faw the planet no more; bt 
in the evening of the 26th, I found the ftars come again i 
near the fame declination, that I was encouraged to continu 
the obfervation to fee what change would happen. It the; 
eaipe on bad rainy weather till the 30th, when I again re 
peated the obfervation, and found the ftars to come fo near ii 
declination that I was fully fatisfied of the 'liability of th 
inftrument, fo far at leaft as could regard twenty-four hours 
but as I was then appointed to go a journey, and coul 
have no other ufe for it, I locked the door of the Ob 
fervatory, leaving the f inftrument in its pofition, that 
might fee what change would happen by the time of my return 
and was quite aftonifhed to find, on the 13th of (Mober, that i 
had remained in a manner unmoved ; for it had fuflfefed n 
more apparent alteration than what might occur by the error 
of obferving, and alterations of the docks and tranfit. 

It muft, however, be remarked, that, befides that i$ th 
confiru&ion of the infirument every thing was contrive* 
that appeared likely to give it firmnefs, it was reft ed upoi 
thcfruftum of an hexagonal pyramid of ftone, in the founding 
whereof gre^t care was taken as to Its folidity, and was de 
tached from the floor for fupporting the obferver. 

This Obfervatory at jfafthorpe I efteem in the latitude a 
53° tf' 54" Nt and $' 50" of time W. from Greenwich 
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Mr. Smeaton's Observation of Mercury 



('Fable 1. Obfervatioris of Mercury at his elongation Sept. 1786, with an 

Equatorial Micrometer. 
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Table II. For reducing the horary wires of the Equatorial 
Micrometer to that of the middle, when taken in mean 
folar time. 
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Table III. Containing the obfervation s of Tab, I. reduced fb as to fhewj 
the corredt differences of right afcenfion and declination betvveen 
Mercury and the ftars wherewith he was compared* 
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328 Mr, SuEAro^s Olfervation of Mercury 

Explanation of the left obvious parts of the Tables of the Obfervu™ 
tion of Mercury near his Elongation^ Sept. 1786. 

The third column of Tab* I contains the times of obferva- 
tion as they were taken down from the half- ftcond journeyman 
clock, in minutes, quarters, and beats, according to the following 
method ; which was, by taking up the beat when the fecond 
band came to 15, 30, 45, or 60, and then counting 30 beats re- 
peatedly till the arrival of the object at the middle of the wire it 
was approaching ; after its arrival, the beats (or interval be- 
tween two beats) being retained in memory, and the eye call: 
upon the dial-plate, it was eafily {ten whether it was fo many 
beats more than the quarter, the half, three-quarters, or the 
whole* minute, and was fet down accordingly, Thofe reduced 
to minutes, feconds, and tenths of feconds, by allowing .2 or .3 
for the quarter fecond, ,5 the half, and .7 or «"8 for the three- 
quarters of a fecond, are contained in the fourth column. The 
reduction of the fourth column to the fifth was by means of the 
auxiliary Tab». II. ; and Mercury being then nearly ftationary 
refpefting the fun, the fun's run was ufed for the planet in- 
ftead of that of a ftar. The mean of each fet of obfervations 
of the fifth column is carried into the fixth. 

The feventh column contains the parts of the micrometer 
as they were read off; to render which intelligible, it is to be 
noted, that the declination wire A travels from the upper fide 
of the field of view of the telefcope towards the center, and 
fomewhat beyond it ; and upon it are taken all the objeds that 
pafs the field. of view on the upper fide, anfwerable (by inver- 
fion of the objed) to the fouthern half of the field t and in 
like manner thole that pafs the field of view on the lower 
2 half 
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lialf are taken upon the wire B r and for the fame reafoli denote 
a declinatioa north. The fcale of the micrometers of each 
wire begins from a point affumed fomewhat without the field, 
and the number increafes from thence towards the center of 
tHe -field-, and continues beyond it ; the integral parts are the 

r 

tarns of the fcrew, and the centefimal the divifioiis of the, 
Index plate, being divided into 100 parts. The point of the 
fcale, anfwerable to the center of the field of view, havlotr 
been found by obfervations on each fcale refpe&ively ; when 
the wire'^ (Aujlralis) ftands at 30.84, it is in the center of the 
field ; and when the wire B (Borealisj is at 2-8.1 r, it alfo cuts' 
the fame center. Hence the parts of the micrometer being; 
refpeftiveiy taken from thofe two numbers (which may there* 
fore be called cmjiant numbers) the remainder will be the 
diftaiice of each refpeftive wire from the center in parts of the 
micrometer. Thus, in the obfe-rvation of Tauri upon the 
23d, the parts are B 8.39 s this taken from 28,1 1, leaves 
N 19.72, which are placed in col. 8> as the diftance, in parts 
of the micrometer, that Tauri paffed notth of the center of 
the field of view, or axis of the telefcotpe. 

In like manner, in the obfervation of Mercury on the 2$$^ 
the parts are B 28,85 ; but this being greater than the conftatit 
number 28.11, the excefs will be .74 parts; which being the 
parts reaching beyond the center, they will be fo much fouth 
of it, and are fet down therefore in col. 8. S 0.74': and in this 
manner the declinations of the reft are made out, from their 
refpedtive numbers of parts of the micrometer, and fet down 

in col. 8. 

The numbers of the fixth column of Tab. t are transferred 
Co the third column of Tab. III. ; and the declinations fet down 
in parts of the micrometer, Tab. L col 8. are transferred to 

col. 7. of Tab. ILL 

E b b % Co 
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Cok 4* of this table contains the corre&ions of the 
times deduced, from the journeyman cloek (as per coh- 3*) 
to reduce k to. mean time; which corrections are made; 
out from the general account of the goings of the tranfit 
clock, corrected hy.-tranfi.ts of the fun, taken the 22c!, 23d, 
27th, and 3.0th of September,, and the 12th, 13th, and 14th 
of Odober *. * The journeyman clock was regularly com- 
pared at. nights and mornings with the tranfit clock; and ge- 
nerally in;inediately after the obfervation. The meridian and 
rotative obferva tones- in whiclv the clocks refpe£iively were,, 
are at the diftance of 53 yards £» and W. ; the comparifons 
were made by a feconds ftop watch +, 

The numbers of the fourth column being properly applied 
to thofe of the third produce the fifth ^and which, with the 
fixth column, will be fufficiently explained by their titles. Thus 
parts of the micrometer in the feventh column, being reduced 
into minutes and feconds, are contained in col. 8- and refpeo 
tively fhew the minutes and feconds at which each object 
gaffed to the north or fouth of the center, of the telefcope.. 
The value of the parts of the. micrometer were obtained by 
previous obfervationa, from whence the following rule was 
deduced : the numbers of turns and centefimal parts being con- 
sidered as integral, and divided by 1.08, the quotient will be 
the number of feconds. Thus,/in the obfervation of Tauri 



* The tranfit clock was made by Hind ley, and has a pendulum rod of 
zedar wood. 

f The journeyman clock was generally &t to the tranfit clock on Sunday 
snornings; and when from home the former was fuffered to go down, Th© 
journeyman will generally agree with the tranfit clock to %" ia 24 hours. 3 but during 
the period of theie observations,, went remarkably welL 
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upon the 23d, the parts 1972, divided by 1*08, gives 1826" 
= 30 / 26 7/ ; and the parts of mercury ,74, divided by 1.08 ~ 
68" = i y 8", Now the telefcope being fixed to one point of the 
heavens during the whole period of thefeobfervations, without 
any motion of any of the parts, the fcrews commanding 
the declination wires A and B excepted, we are enabled to 
judge of its fteadinefs to this point by the following remarks.. 
If it varied in declination, this would be {hewn by the pafiage. 
of the fame ftar at a different diffance from the center of the 
telefcope at different revolutions ; and if it varied in right afcen- 
fion^ it would be fhewn by its not palling the horary wires at* 
the due time, according to the acceleration of thfe jfars uponr. 
the mean time of the -fun. Both the. right afcenfion and de- 
clination may be varied by differences of refra&ion of the aic 
at the fame altitude ; and the right afcenfion is further liable to 
be apparently varied, by the errors of the tranfit inftrument, the 
tranfit clock, the transferring of its time to the journeyman t 
clock, the intermediate errors of the fame, and of the obfer- 
vation itfelf; and as there paffed an interval of almoft 16. 
hours hetwixtjhe paflage of Mercury over the field of. view o£ 
the telefcope and that of x C.eta, which, was the neareffc ftan 
wherewith a companion could be made* it will be a fatisfac- 
tion to fee, as before intimated, what variations arofe in ftiUL 
greater intervals of time. 

In right afceniionv 



hf . „ 



Thus X Ceti upon Sept. 23. paffed the horary wires at -■■ 9 U 28.3 

anil'- *"— - — 26. .- : *—— — : — — * - » -• — ■ o .59- 40.SK 

n — »■ <i . 1 " 1 n 

^ Ceti therefore came fooner in three days by - 11 47.7 

but , aught to accelerate on mean time - « * * 47 »7 

. therefore caiije after three days exa&iy to the time. 



*s»,.. 
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Again, Tairri upon Sept. 23. pa-fled the horary wires at ** 9 36 27.$ 

and —*—«—*. — «-* 26* — — «— ^ —.*-**- — * _. g 24 39,8 



Tauri therefore came fooner after three days by -*• — 11 47.5 

^ _ ought to accelerare on mean time — '-*• 1 1 ,47.7 



iMti i . i «— t« 



— therefore came too late in three days by *) 



In declination, 



■c Tauri upon Sept. 23. faffed north of telefcope's center * 30 2v> 

■ L. 11 ■ . . . 11 — -" '-— 20* * B " **' * "" ' M " , "' i " * »"■ ■ - '■' - ■ ■• — qq jo 

*— — therefore paffedlefs-nofth^ or more fonth, than before by 



***5cma&l 



In like manner every comparifon that Tab. III. affords is par- 
ticularly fet down in Tab, IV. which containing thirteen com- 
*parifons*in right afceniion and ten in -declination, the greateft 
deviation in right afcenfion is i"^, and 11" of a degree in 
declination* This fuppofes every error before mentioned td 
tefide in the inftrument, and every other inftrument and obfer- 
vation, which were concerned in the refult, to be perfect j 
which, from the fmallnefs of the total errors, feems to indi- 
cate a degree of fteadinefs in the inftrument unexperienced of 
-unnoticed before. 

Deduffiion of the fojttion tf Mercury from the preceding 

obfervations as fet down in Tab. IH. 

In right afcenfioH from col. 6, 



iTaiiri followed \ Ceti Sept* 23. 

t un i in. ,,. 1, ■. .i. * <B .,.,. r ^ M , 20i» 

«. ; ,jO* 



MSfe 



J 1 ■»> m i 11 tamt 



* I " I' ' l» 



J K, i > n iii Mn i Htii ii K i a i. 11 1 m < >m i ku i h i ■ «, » y^t-t. I 3« *""* 

- »-. ■ „ ..! i .. , , ^,.,,, ^ , „ , , , . „ it , i „ i i , )W , i ;, w , i ,i> ^j $ moan d'f the four 



»4 59 


24 59.2 


24 59.1 
24 s8-7 


24 59 



« Orionb 
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& Ononis followed o Tauri Sept. 30. 

— 06t. 1 j* 



■ »< - n 
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3 "7 'M, 



/ // 

2 29 49.9 
2 29 50.I 



Haan^Wi^iwww^M 



at a mean 



•%#•* 



Now Mercury preceded; A Ceti Sept, 23. — 

A Ceti preceded Tauri by mean- of four . — 

Tauri preceded' a Orionis by mean of two. 

Mercury therefore preceded % Ononis by «- 

Iii declination from col. 8 ( 



*••*» 



2 29 50 

r 5 48 53-4 

2 4 59 
2 29 50 
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18 43 42.4. 



/ // 



Sept. 23, A.M. Mercury patted the middle horary wire, fouth of its center 18 
Same evening a Tauri patted the middle horary wire, nort&of it — 30 2 



Therefore Mercury patted the middle horary wire more S..than o Tauri by 3; 34. 



t n - y 



But Sept. 26. A Ceti patted N. of center 

— ' "- • ■« - "»"■■ "—■» ■—■» q Tauri - ■ ■ " " ■ » •■ "" "■■ — • *— ■ " * <• 

w....., «. iii.., . .iii« c?o» ^ C^eti* -""""' • ■ •"""»"• ■ "■" »*— — - "'■- ' • "■■ 



// 



/ // 



17 XI iDiff.. 13 7 



- Tauri • — 



061*. 13. A Ceti 



o I ami 



30 18 J* 
17 II 
30 17 
17 I 
30 15 



Si 



13 6- 



13 4 



From the fmalinefs of the above differences we may infer^ 
that very little uncertainty in declination had attended the? 
paflage of Tauri upon Sept 23* 



g^Upon Sept. 30, Tauri palled M- 
■ a Orionis S 



ifc&. 



WNfr *Mp#*»«W 



/ H 

o 17 1 

4 20 J 



/ it 

~» # l Sum 34 37 



Upon Ocl:. 13. Tauri patted. N 

— « Orionis ■ S 



(WWaMlaMaiattWMIIK 



24 2 

3° J 5 



54 3£ 



• Orionis then at a mean paffed more fouth than ^ Tauri 



54 3 6 ' 



Merc, therefore on. the 23^ patted with, more N,. declination than » Ononis 23 %. 



Invejiigatiom 



3§4 Mr. Smeaton's Qbfervation of Mercury 

Investigation of the effeSis of refra&ion. 

The preceding deductions and remarks flxew the confiflency 
of the obfervations with themfelves^ ^yet, from the poll- 
tion of the telefcope, it being only elevated n°| above the 
horizon*, it is neceffary to examine how .far the dedu&ions 
above ipecified -were-* capable of being affe£ted by refradion. 
And in rhia refpeft it will appear, that if it be fuppofed, there 
is no difference in the quantity of refra&ion of fuch obje&s as 
appear within the limits of the field of view of this inftrument 
(which is i° 17'), then their relative pofitions to each other will 
not -be affe&ed thereby : for if in fig. 1. (Tab. XIII.) we fuppofe 
the circle' VHRO to reprefent the boundary of the field of view, 
HO being an horizontal and VR a vertical line, each paffing 
through the center of the field at L ; and If PLP denotes a 
part of a parallel of declination, then BLX perpendicular 
thereto, will be apart of an horary circle, both paffing through 
the fame center. Now let d* be the apparent path of a fhr, 
fuppofing it unaffected by refra&ion till it comes to the vertical 
line, af ^,,i.and» there to be lifted mp by ,refra£iion in the rfaid 
vertical to L. Let &+ denote.another ftar, ,alfo unaffe&ed by 
refra&ion, to pafs along the different parallel of declination 
e + till it comes, to .+ <; then, if it be fuppofed that the two 
ftars are Jboth fituated in; the fame horary circle, if at the point 
+ refraftion takes place, and by hypothefis this is lifted up 
equally with the other, in the perpendicular W, then the 
line +# being drawn through the places of £he twoftars, will 
be cotemporary and parallel to JLX; and the figure /+ #L 
.being evidently a rhomboides, the two liars, fo altered by 

^ : \This will readily be deduced by kfpe&ioB of the celeftial globe. 

refm£tion. 
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refraffion, will arrive together at the horary circle LX at the 
fame time, and with the fame difference of declination, as If 
no refraction had taken place. It is therefore -only the difference 
•of refraction which takes place in objects at different heights 
in the fame fields that can alter their -relative filiations : how- 
■ever, it appears neceffary to -examine what this may amount 
to. 

Let the letters in '%» -2. denote the fame things as before; 
to which we will add, that a, A 9 B, C, D f denote the parallel 
horary wires of the- micrometer, ■and AA 9 BB-, the declina- 
tion wires, denoted A and Bin the tables 1 : now. from the celeflial 
globe we fhall alfo readily obtain the horary angle VLP-rr 54°! 
= Lk\ Let now an obje<3: pafs along the wire A A from the 
horizontal line at d to the vertical line at b; in this it will pafs 
through a difference of r-efraftion, -according as it gets more 
and more elevated above the horizontal line HO-; and let the 
elevation L6 be half a degree or 30 minutest then, according 
to Dr. Bradley's Table of Refraction*, the difference of 
•refra&ion betwixt the 78th and 79th degrees of zenith diftance 
is 23"* 6, half of which ii'Cfl, may he efteemed the difference 
of refraction for a difference of half : a degree of altitude at 
78°! zenith diftance, or of u°| altitude: the obje£t, there- 
fore, in paffing from the horizontal line at d to the vertical line 
at b pafles through every difference of raff a&km from o /y to 
1 1 ".8 ; and the queftlon k, how much it is at a medium f that 
is, when it arrives at the middle wire at the point eg From 
this point let foil the perpendicular ce. Now, the proportion 
-of the fides of the triangle dbl* being given from conftruftion* 
they -may he taken off by a fcale, viz. 

"* Infertcd In 'Br, Maskelywe's 'Observation*, Vol, L p. 15* 

Vol. LXXVII, C c c Sup- 
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Suppofe 0=174 . 
^ = 299 

and' affuming the fide O - 30 
the -other fides by proportion- r db=$i.6 
as above will be 1 JL = 41.7 
The triangles Lfc and dce^rc fimilar to Sh; therefore fayv 
as S-p.,6 : //L=4r.7 :: £3=30 : L^-24; and as = 
30 : Lc= 24 :: dh—^i.y : ^ = 33.5 ; and again, as di=z 
51*6 : de = $$»§ ::'L3 = 3o : ^= 19*5 : but this will affeft the 
■ ■declination, only in proportion of the line ef drawn parallel 
to LX ; and it will aflfedt the right afcenfion according to the 
lmcfc: but the- triangle ecf being fimilar to the original one 
ih\j^ we fhall have db~ 51,6 : 0=30 ;: ^= 19.5 :j^= 11,3 
for the line afFe&ing the right afcenfion; and alfo, as db~ 
51,6 : dh — 41.7 :: ce=i<).$': gf= 15.8 for the line afFe&ing 
the declination. But the effe£t of difference' of refra&ion upon 
the line L£~3o' being only n'^S, the refpe£tive effeds of 
the lines fc and ef will be in proportion ; that is, 



i* ~ a 



as, 30- : 1 1.3" ::. 11*8 : 4.4 for the effedc in right afcenfion* 
and as 30 : 15*8 :: 1 1.8 : 6.3 — - —*— ———declination; 

hut as it has been determined, that, when the line L£ is 30 
minutes, the line LC, or the correfponding declination, will be- 
only 24 minutes ; the effects, of refraction above fbted will be* 

therefore due to 24^ 

. - . CorreSlion for the fofition of the wires* 

The above corrections take place. on fuppofition that the 
Several wires of the micrometer were ftri&ly parallel to the 
xefpe&ive parts of the circles of declination, and horary circles 

in the heavens ; but in the practical life of this iniirurnent it 

is 



with an Equatorial Micrometer, 33 7 

Is found more convenient, on account of a ready and certain" 
adjustments to place, one of the wires AA ot BB parallel to 
the apparent track of the ftar wherewith the planetary body is 
to be compared: in confequence, when the ftar •#,, fig. 1. is 
lifted up to L, it will not ftri&ly purfue the line LP; but 
feeing lefs and lefs lifted up as it mounts higher, it will appa* 
rently fall more and more below the line LP as it afcends above 
the line HO, and will therefore take a courfe, fuppofe hp. 
The wire PLP being therefore adjufted to agree with php ; by 
conftruftion of the inftrument, the wireBLX will affume the 
pofition qhx perpendicular to php. The ftar, therefore, that 
ran along the parallel e~b before it fuffered refradion, and at 
+ was fuppofed to be lifted up to /, there not meeting LX 
will take the courfe ly> nearly parallel to L^, and have fome 
diftance, as /%, to travel before it arrives at the new- placed wire 
iLx ; and it is now proper to examine what this quantity 
may be. 

Through the point % draw the line rzos parallel to HO, and 
cutting the vertical RL V in a, and let Lo be affumed « 30' ; 
then, fince the angle XL# is fuppofed to be minute? the grofs pro- 
portions of the fides of the triangles Lyz and Lyl may be, for 
this purpofe, fuppofed the fame % and the fame as L&r, SL f 
fig. 2. to which the triangle Lao, fig. u will alfo be fimilar ; 
as likewife the triangle yzo, and alfo the little triangle %fo : but 
making the fide h of the triangle %h equal to the effe& of 
refra&ion in perpendicular = 11". 8; then, to find the fide I% 9 

'* I am aware, that the fuppofition of the fides of the triangles Lyz and lyl 
being the fame cannot be ftridUy fo ; nor can they have the fame proportions ; nor 
are any of the lines concerned right lines, that are fuppofed fuch y but affiimptions 
near the truth are allowable for the correaion of an error in the greatefi part % 
that if lancorreded would fcarcely amount to a grofs error. 

C cca the 
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the. diftance run from the firft to the- left fuppofed place of the-: 
wire, we need only fay* as = 30 : 3zz$j % 6 :: /1? = 1 i''.8- : &• 
rrao"^; and this will be its value when the declination L<v 
fig, 2* is 24/; hut then the declination L/ or L&, fig. 1^: 
being greater than the perpendicular fide L0 (affumed 30') in the- 
proportion of L% : L0, fay, by fimilarity of triangles converfeiy, 
, as */!-#==: 4 1.7 idbzz$i*6 :: Lo^^o' v L% — 38'. 2 ; but as the 
corre&ion before ftatedof a©-"^ i& an angular error,, taking place 
in proportion to the drftance from the center, or the declination ;, 
for the declination given of 24/ fay, as 38.. 2 : 24/ :: 20^,3 : 13;; 
to which adding 4^.4, we fha-11 have 1 7^*4 for the whole error 
in right afcenfion, fuppofing it in the equator, but muft be 
again increafed in the proportion in which a ftar having decli- 
nation is flower than a ftar in the equator ; that is, it muft be- 
increafed in the proportion of any of the numbers in the 
fourth column of Tab, II. to the fimilar ones in col. 6. of 
the fame table; that is, as i / '46" : 1' 47"' or as 106 : 107,, 
::: 17 ".4 : if'fr^* 

As all thefe errors* arifing from difference of refraction, arc- 
in proportion of the diftance of the object from the center of the 
telefcope* they will take place in proportion to the difference of 
declination of the two objects to be compared, whether they have 
paffed the field on the fame r or on different fides of the center*. 
Now the difference of declination of Mercury and » Ononis 
being only 23' 2", and the quantities being made out for 24^ 
fay (reje£ling the % feconds), as 34' : 23' :: 17^.4 : ib".*j* 
which turned into time in the run of the flar will be 1".* 
in right afcenfion. 

* My friend Br. Masxeltoe obferves r that in Jtr&thefs each far ought to- 
have its own proper reduction, on account of difference of declination, whickii* 
mtrme cafes wiliamoimt to a.fenfible quantity* 

$ ' ' Say 
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Say again, as 24/ : 23' :: 6 7/ .2 : 6", the correction; in de- 
clination. From the near equality of the lines L/ and L% 9 It 
is evident, that no correction of decimation is neceffary on ao 
count of the inclination of the wires, the whole difference falling; 
in rip-ht afcenfion. As therefore Mercury paffed with 2Y z ir 
more north declination than % Ononis, and paffed through a 
part of the medium that lifted him up lefs ; it therefore gave 
him lefs north declination than it did to a 9 and therefore appa- 
rently diminifhed the real difference ; hence 6" muft be added 
to the apparent difference 23' 2", making it 23' 8 /7 difference 
of declination : and as Mercury was lifted up lefs than a f 
he would not fo foon come to the middle wire by i".i as he 
fhould have done, he therefore came too late by i^.i, which 
muft be fubtra&ed from the time of Mercury's paffage the 2d 
of Sept. which will increafe the time in which he preceded 
a Ononis; that is, 18 h. 43' 42 // .4- increafed by 1.1 will be- 
come 18 h. 43' 43". 5 difference of right afcenfion. 

I have been the more particular in the inveftigation of this 
obfervation, iirft of all to afcertain the degree of dependance 
that may be formed on an inftrument of the kind ; and, fe«* 
condly, to infer fuch eafy and fimple rules, that other fimilar 
obfervations may be the more eafily reduced. Being therefore 
fatisfied of the {lability of the inftrument ; if we had concluded 
the obfervation with that of Mercury in the morning, and of 
c Tauriin the evening of the 23d, then the refill t from Tab, 
III. ihould have been 

Mercury paffed the wires at ** ** *■* sy 22 34.9 

And Tauri paffed at *-» «... ** 9 36 27.3. 

iMMJum iinn in n't '#ii'MHM'HHWiiimi^h«k9- 

Difference of right afcenfion **■ ** 5 *5 I 3 5 a '*4* 

«... i . . .^u iii 1 i nn 1 1 nm - 

which 
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which is the very fame as was before deduced from the 
xiiean of the whole : 

i ft 

And if to Mercury's declination fouth of telefcope's center ~* i 8 

We add o Tauri's ■■ ■ — ■ — — north ■ ■ . . ^ . . ■ — go 2 g 

We fliall have for the difference of declination - ~ 3 1 34 

> nu l l I' » 

the fame as before determined. Our obfervation would, there- 
fore, in this cafe (imply have been, that Mercury preceded 
o Tauri in right afcenfion 15 h. 1.3' 52^4 mean time, and 
pa{fed the wire with more fouth declination than Tauri by 

3 X '34"* 

After this, Tauri would have required to be compared with 

fome well re&ified ftar by meridian inftruments ; but in the 
prefent cafe a Orionis, one of Dr. Maskelyne's Catalogue of 
34 principal ftars happened to lie fufficiently near the fame pa- 
rallel of declination, to admit of Tauri to be compared 
therewith by the fame inftrument, while pointed to the fame 
place of the heavens. The operations which were fubfequent, 
therefore, muft be confidered as intended to fave thofe of a 
meridian inftrument. 

Now had our obfervation concluded with the above, then 
the corre&ion would have taken place upon the difference of 
^declination of Tauri with Mercury, inftead of the ultimate 
one with a Orionis ; but it muft be obferved, that whatever 
quantity of correction the difference of declination would occa- 
sion, it would be compen fated in the difference of refraftion of 
of Tauri and a Orionis, when they came to be obferved on. 
the meridian ; however, in the prefent cafe it happens to be 
more commodious, as both can be done under one. 

Preparatory then to the laying down the fimple rule for the 
eorre&ion of refra&ion, it is proper to premife, that it is evi- 
dent, 
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dent, the lines, fig* 2. L£, Lc, ce, ef, being in continued 
proportion L£ will be to ef in triplicate proportion of U> ta 
Lc; and that Lc will be to ef in duplicate proportion of 
L# : Lc. The difference of declination, therefore, due to 
30' difference of elevation will be as lub to Lc fimply ; but the 
effe& of difference of refraction in declination will be lefs than 
the difference of declination in the proportion of L£ ? : Lc*; 
and that the effect of difference of refradion in right afcenfiotx 
will be lefs than the difference of refraction in declination ia 
the proportion of Ub : cb fimply. 

Now it has been remarked, that the elevation of the tele- 
fcope's center above the horizon, and the horary angle VLP, 
will always be readily given near enough for the purpofe by 
the globe* A triangle given Lbd can therefore be conftru&ed, 
and the fide Lb being made 30' (or any convenient aliquot 
part of a degree) the other fides will be found by propor- 
tion: fay then, as in the prefentcafe, dbzz 51.6 ; dhzz^uj :: 
L^z^o : Lc=s 24, for the difference of declination correfpond- 
ing to half a degree of altitude: fay then, as 51.6*-. 41.7% 
that is, as 2663 : 1739 :; 24 : 15^ — ef But without trou- 
bling ourfelves with high numbers, if we take the proportion 
51*6 to 41.7 by the Aide- rule twke^ we fhall arrive at i$.Ji 
near enough for the value of the line ef: fay then, as L£ = j 
30 : ef~ 15.7 :: u^.8 : 6 // .a for the refradion in declination : 
and as dh~ 41.7 : hbvz 30 :: 6".2 : 4^.4 for the refraction in 
right afceufion, according to the true pofition of the wires : 
and, for the corre&ion of right afcenfion in the pofition of 
the wires, fay, 

Fig, 2. . .Fig. 1. 
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As LA =30 ;Jb~ $i*6 :: l<v~ii'\& : /%:= 10''.$ ; 
and again, </JL;=;4i.7 ; &zz$i % 6 »•; Lozz-so' ; Ljs^S'.a* 

Takg 
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Take now L£, fig. i. = Lc, fig- 2. = 24/, and draw the line 
.£/£, fig* !• parallel to the line hy y and then fay, as L%c: 
38 / .2 ; O (or Li)- 24.' :: !z=*2o".3 : £/= 13", which +4^4 
rr i7 y/ .4 for the whole error in right afcenfion, with a decline 
tion or diftance from the center of 24' 1 but as the errors both of 
ritrht afcenfion and declination are in proportion to diftance from 
the center, as the difference of the planet and ftar is only 23',. 
fay 9 as 24' : 23' :: 17^4 : 16^*7 = i^.i time ; and for the de- 
clination, fay again, as 24/ : 23' :: 6 /y .2 : 6" declination*, 

ReduBion of Mercury's comparlfon with a Orionis, to right 

afcenfion and declination. 

We have laid it down, that the 23d Sept* 1786, A.M. at 
5I1. 22' 34"*9 mean time, Mercury preceded a Orionis 18 h. 

43 / -43 // *5» anc ^ ^ad t ^ ien a more nort ^ em declination by 
a 3 '.8". 

According to Dr. Maskelyne's Catalogue of 34 ftars, the 

sricrht afcenfion of 65 Orionis reduced to the time when he was 

obfervedis85°54'" // . 

Now as the whole circle of the fphere makes a revolution 
In the time that « Orionis makes one turn, which is 

23 56 4.1 then from this dedud 
18 43 43-5 



5 12 m6 remains for the time that a Orionis preceded 



■mm 



^ If the comparlfon had been with Tauri, then we muft have fald, 



// // tt 



As 24 t 31I :: 17*5 t 23 = 1.5 of time, 
and 24 t 31I :: 6.2 : 8.1 correction for declination, 
N. B* Ail thefe and the above proportions will be commodioufly .wrought with 
the Aide-rule* 

Mercury 
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Mercury in right afcenfion; but if a ran the whole rotation 
= 360° in 23 bu 56' 4".i, what portion of it will be run in 
5 h, W 20^.6 ^ i8740 // .6 ? 
But 24 h. 1=86,400 feconds, and 360=^1,2963000 feconds i 

Time. Time. Of degrees. Of degrees o 

Say then, as 86400" : i8740".6 :: 1296000" : 281109"=: - ■ 78 5 9 

But, according to Dr. Maskelyne's felecl: Catalogue, the right afcexi- 

fi©n of a Ononis for Sept. 30, 1786^ was, (which add) - 85 5412 

*•"''■ ' 1 mm 1 , L 

The right afcenfion of Mercury at the time of observation was therefore 163 59 21 
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According; to Dr. Maskelyne's felecl: Catalogue » Orionis had decli- . 

nation north, corrected for preceffion — ~ 7 2 1 8*8 

The fum of aberration and nutation from ConnoiJJance des Tempi -* ~£* 8.4 



«A 



■The correct declination north of a Orionis — «- 7 2X ij*% 

To which add that Mercury paffed more north «** ** 23 



nunmonimi »»i n» 



Mercury's declination therefore was ** **» -• 7 44 25. & 



. Mm .*:„ .■* * 



The refulu 

1786, Sept 23. A.M. "i Mcr , s f right afcenfion ~ 163 59 21 

at 5 h. 2 Z f 35" M,T, J 1 declination north m 74425 
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